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bolt which engages the nut has a plurality of recesses for
receiving the deformed material of the nut as it flows
radially inward, thereby locking the nut, bolt, and
workpiece together. The recesses of the bolt have a
shoulder for abutting the deformed material to prevent
unthreading of the nut from the bolt.
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1
FASTENER SYSTEM AND METHOD

BACKGROUND OF THE INVENTION

The present invention relates to fasteners in general
and in particular to locking systems comprising a nut
and a bolt which lock together when tightened against
a workpiece.

Many applications, such as encountered in shipbuild-
ing and aircraft and railroad car manufacturing, require
fasteners that have high locking forces. It is, therefore,
critical that the nut and bolt assembly hold together
under heavy loads and working conditions in which the
assembly is subjected to vibrational and other fluctuat-
ing stresses. Typically, in such manufacturing pro-
cesses, pre-set powered torque wrenches are employed
on assembly lines to sequentially apply large quantities
of lock nuts to corresponding bolts. The lock nuts are
tightened to a predetermined torque.

Various devices have been employed in the past to
lock a nut and bolt together. One method is to deform
the threads of the nut so that they bear in radial com-
pression against the threads of the pin. This deformation
may occur before or after the nut is set. One example is
shown in U.S. Pat. No. 2,940,495 issued to G. S. Wing,
which discloses a lock nut with a frangible drive portion
that is sheared off after a predetermined torque is
reached, leaving a portion of the fastener tightened onto
the bolt with a predetermined and known torque. In
manufacturing, the nut is distorted out of round by
application of force on diametrically opposed points,
producing an elliptical cross section. Once the nut is set,
the deformed threads of the nut bear in radial compres-
sion against the threads of the pin. The resistance to
unthreading is purely frictional.

Such fasteners have several disadvantages. If the nut
is deformed prior to assembly with the bolt, the thread-
ing operation is more difficult due to the out-of-round
configuration of the nut. If the deformation occurs after
the nut is set, an additional field step is required to effect
the deformation. Moreover, the holding force gener-
ated by the deformation of the nut is purely frictional.
In the Wing fastener, the fact that a section of the nut is
sheared off during application creates a multitude of
scrap pieces which must be removed from the environ-
ment.

Another approach is disclosed in U.S. Pat. No.
4,260,003, issued to Stencel. Stencel discloses a nut or
collar having at least one lobe extenting radially out-
ward on the outside of the collar. The lobe has an exter-
nal surface for engagement by the driver. As the collar
is threaded onto the bolt or pin, resistance to threading
increases. At a predetermined load, the lobe deforms
radially inward and diplaces material of the body ahead
of the deforming lobe into the axial bore of the collar,
thereby locking the collar and pin together. The pin has
a plurality of axially extending flat surfaces of smaller
diameter than the major diameter of the pin, which
provide void volumes for receiving the deformed mate-
rial of the collar.

The Stencel device also suffers from a number of
disadvantages. The lobes of the Stencel collar abruptly
change the outer configuration of the collar. As a result,
the lobes can shear from the collar with a sufficient
tangential component of force. Thus, the Stencel disclo-
sure warns that the relationship between the driver and
lobes during the development of the lock should be one
that produces radial failure of the collar in the zone of
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2 .
the lobes and not shearing of the lobes from the collar.
Secondly, the lobes make it difficult to register an auto-
matic power torque wrench which is rotating at high
revolutions per minute upon contact with the collar.
Finally, the tooling for the collar is relatively expensive.

As a result, there remains a need for a self-locking
fastener system in which a nut can be applied to a bolt
that will lock together after a predetermined torque is
reached, effectively, efficiently, without waste of mate-
rial and without expensive tooling.

SUMMARY OF THE INVENTION

A novel fastener system is disclosed which obviates
many disadvantages of prior self-locking systems. The
system comprises a locking nut or collar which has a
central axial bore with interior threads for engaging the
exterior threads of a bolt or pin. The locking nut has a
lower base portion which seats flush against the work
piece and an upper end portion which is engaged by a
driver.

The outer contour of the end portion has an out-of-
round cross-sectional shape which is advantageously
elliptical. The socket which engages the nut has a com-
plimentary shaped interior bore.

The bolt of the system has exterior threads of any
desired major diameter. However, the upper bolt por-
tion has a plurality of circumferentially spaced recesses.
Each recess is defined by a shoulder having a convex
curve which extends radially inward and a concave
curved portion which extends radially outward be-
tween the base of the shoulder and the non-recessed,
major diameter portion of the end of the bolt.

In practice, the socket wrench, having an ellipitical
bore, engages the elliptically-shaped top portion of the
nut. The wrench is rotated either manually or automati-
cally.

Initially, the nut threads easily onto the bolt. How-
ever, as the nut is tightened against the workpiece, the
wrench meets some resistance to turning. At a predeter-
mined load, the nut is set and additional turning of the
wrench begins to deform the out-of-round material of
the upper portion of the nut. This material which is
under radial compression produced by the wrench,
deforms and flows radially inward toward the bolt. The
recesses of the bolt receive the material producing a
tight interference fit between the nut and bolt.

The deformed material, therefore, fills the void vol-
ume produced by the recesses in the upper end portion
of the bolt. Moreover, the shoulders of the recesses
serve an important function. The recesses are advanta-
geously formed so that each shoulder is located in either
a clockwise or counter clockwise direction of its corre-
sponding concave portion, depending upon whether the
thread of the bolt is left or right hand. With a right hand
thread on the bolt, each shoulder is located in a counter
clockwise direction of its corresponding concave por-
tion. In order to unthread the nut from the bolt, the nut
must be turned in a counter clockwise direction. How-
ever, the shoulders of the recesses abut the deformed
material of the nut and thereby resist unthreading of the
nut in this direction. For a left hand thread, the shoul-
ders of the recesses are located in a clockwise direction
relative to a corresponding concave portion. As a re-
sult, an extremely tight lock is effected.

The fastener system of the invention, therefore, offers
a number of advantages over prior systems. The lock
achieved between the nut and bolt is secure, due not
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only to the deformaton of material of the nut, but also to
the “one-way” resistance to unthreading produced by
the abutment of the deformed material of the nut with
the shoulders of the bolt recesses. The lock is therefore
an improvement over the Stencel fastener which simply 5
has recessed, flat sections on the bolt which receive the
deformed material.

Secondly, the elliptical contour of the nut is easier to
manufacture than the lobes of the Stencel fastener.

There is no danger of portions of the nut being sheared 10

off by the turning of the wrench as is the case with
lobes. Moreover, the elliptical cross-section allows for
easy registration of the socket with the nut.

Finally, there is no scrap material produced as the

lock is effected as with the Wing fastener system. In 15

short, the inventive fastener system achieves a reliable,
effective locking mechanism. These and other advan- .
tages will be discussed and amplified with reference
made to the drawings defined below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view of the inven-
tion;

FIG. 2 is a partial cross sectional view showing

means for attaching a lock nut according to the inven- 25

tion to a bolt to form a joint;

FIG. 3 is an exploded perspective view of a lock nut
included in the fastener system of the invention and a
socket wrench for driving the lock nut;

FIG. 4 is a cross sectional view taken through line
4—4 of FIG. 2 showing a lock nut and bolt according to
the invention in threaded engagement before deforma-
tion of the nut;

FIG. 5 is a cross sectional view showing the lock nut

“and bolt of FIG. 4in locking engagement after deforma- 35

tion of the nut;

FIG. 6 is a perspective view of the recessed end por-
tion of the bolt included in the fastener system of the
invention;

FIG. 7 is a cross sectional view taken along line 7—7
of FIG. 6;

FIG. 8 is a cross sectional view taken along line 8—8
of FIG. 7; and

FIG. 9 is a cross sectional view taken along line 9—9
of FIG. 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIGS. 1 and 3 illustrate a lock nut 10, configured to
be driven by a socket wrench 28 into locking engage-
ment with a bolt 12.

The lock nut 10 has a central axial cylindrical bore 22
therethrough with interior threads 24 being formed in
the bore 22 for engagement with the bolt 12.

The lock nut 10 is preferably manufactured from 55

ferrous or nonferrous metals such as aluminum alioy,
alloy steel, steel/titanium alloy, nickel-based alloys and
other types of high-strength, high-temperature alloys.
The nut may be heat treated to the tensile strength
required depending upon the material employed and the
application for the fastener system.

Although an integral piece of metal, the lock nut 10
can be conceptualized as having a base 14, a central
portion 16 and a head or end portion 20. The base 14 has

a generally cylindrical contour with a flat bottom 15 65

(shown in FIG. 3). The central portion 16 preferably
includes wrench engaging means such as an ordinary
hexagonal head 18. The central portion 16 may have
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any suitable contour such as round, elliptical, hexagonal
or 12-point configuration. The threads 24 need not ex-
tend throughout the length of the nut 10. As most
clearly shown in FIG. 3, the portion of the bore 22 at
the base portion is unthreaded.

The head portion 20 extends axially over a significant
portion of the overall length of the nut 10. Thus, in the
preferred embodiment, the head portion 20 represents
over one-third of the axial length of the nut 10.

The outer circumference of the head portion 20 is
out-of-round in contour as is the inner circumference of
the head portion 20 defined by the bore 22. It should be
understood that the outer contour of the end portion 20
is a continuous, smooth, out-of-round curve. Other
shapes such as oblong or oval would be suitable. The
contour, however, should not possess any abrupt
changes in contour which produce stress points that
could be sheared off in setting the nut. Due to he out-of-
round configuration, the wall thickness of the head
portion 20 will have points of minimum and maximum
thickness. The wall thickness of the head portion 20
gradually and continuously increases between these
points of minimum and maximum thickness. Thus, the
wall thickness throughout the circumference is gradu-
ally and continously changing between the maximum
and minimum points. In the preferred embodiment, the
contour of the outer configuration of the end portion 20
is elliptical. Thus, the end portion 20 has a major (hori-
zontal) diameter of greater length than a minor (verti-
cal) diameter. The wall thickness at the point of minor
diameter will be a minimum. Conversely, the wall thick-
ness of major diameter will be a maximum. Between the
points of minimum and maximum diameter, the wall
thickness of the head portion 20 gradually and continu-
ously increases. The cold working of the head portion
20 in the formation of the out-of-round exterior contour
produces a fine grain structure in the metal, thereby
increasing its strength.

Referring to FIGS. 1 and 6, the bolt 12 has a threaded
portion 26 which is threaded with any desired major
diameter to receive the lock nut 10 thereon. An end
section 48 has a plurality of axially extending recesses
49. Preferably, there are between 3-15 recesses 49, de-
pending upon thread size. In the embodiment shown,
the six recesses 49 are circumferentially spaced 30 de-
grees apart. Each recess traverses about 30 degrees of
the circumference of the bolt 12. The axial length of the
end section 48 is sized to be compatible with the axial
length of the head portion 20 of the nut 10. Thus, the
axial length of the end section 48 of the bolt 12 is ap-
proximately equal to he length of the head portion 20 of
the nut 10.

FIGS. 6 through 8 illustrate the structure of the end
portion 48 of the bolt 12 according to a preferred em-
bodiment of the invention. The recesses 49 are defined
by a shoulder 54 which extends radially inward from
the major diameter threaded portion 26. The shoulder
54 as a confguration defined by a convex curve. A shal-
low concave curved portion 52 extends between a base
53 of the shoulder 54 and an adjacent major diameter
threaded portion 26a. The shoulders 54 extend radially
inward at a greater acute angle than the concave curved
portions 52. As a result, the shoulders 54 define a rela-
tively abrupt abutting surface.

As shown most clearly in FIG. 7, each of the shoul-
ders 54 of each recess 49 is located in a counterclock-
wise direction to its corresponding concave portion 52.
This will be true if the threads 24 and 26 of the nut 10
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and the bolt 12, respectively, are right hand. If the
threads 24 and 26 are left hand, the location of each
shoulder 54 will be in a clockwise direction relative to
its corresponding concave portion 52. v

FIGS. 8 and 9 show the relation between the recesses
49 and the threads 26 of the boit 12. As shown in FIG.
8, the threads 26 may be formed of alternating, triangu-
lar projections 56 and triangular troughs 58. Referring
to FIG. 9, the recesses 49 include threads 60 therein
formed of a plurality of projections 62 having generally
trapezoidal cross-sections and troughs 64, which have
generally triangular cross-sections like the troughs 58.
The diameter of the bolt 12 in the area of the projections
62 of the recesses 49, is therefore less than the major
diameter of the threads 26.

The bolt 12 is manufactured from a cylindrical blank
having a diameter before rolling the thread which is
smaller than the desired major diameter of the resulting
bolt. The top portion of the blank is formed to produce
recesses of a general contour as that of the recesses 49 as
shown in FIG. 4. The blank is then rolled and the thread
26 formed. This threading expands the outer diameter
of the blank to major diameter proportions, as is well
known. The bolt 12 is thereby produced.

Referring again to FIGS. 1 and 3, the socket wrench
28 is illustrated, which may be advantageously used to
drive the lock nut 10 on the bolt 12. The socket wrench
28 has a stepped axial bore 30 therethrough with a first
step 32 being configured to fit closely upon the deform-
able head portion 20. A central portion 34 of the bore 30
is sized to permit the threaded portion 26 of the bolt 12
to project into the socket wrench 28 as the lock nut 10
is advanced onto the bolt 12. The socket wrench 28 also
includes a recess 36, preferably having a square cross-
section sized to fit a conventional socket driver 38
(shown in FIG. 2). It should be understood that the
socket can be driven internally or externally by the
drivers with any suitable mating relationship between
socket and driver.

The circumference of the first step 32 defined by the
bore 30, is complimentarily contoured to fit the contour
of the head portion 20 of the nut 10. Thus, advanta-
geously, the contour of the first step 32 is elliptical, but
may be other smooth, out-of-round, continuous curves
as discussed above with respect to the configuration of
the end portion 20 of the nut 10.

The threading operation of the nut 10 onto the bolt 12
will now be described with reference to FIGS. 2, 4 and
5.

Referring first to FIG. 2, the bolt 12 is inserted
through a pair of aligned bores 40 and 42 in a pair of
work pieces 44 and 46, respectively, which are to be
fastened together. As used herein, the term “bolt” is to
include other types of male fasteners such as studs. The
length of the bolt 12 relative to the thickness of the
work pieces 44, 46, must be such that the end portion 48
of the bolt 12 extends beyond the work pieces 44, 46.
The nut 10 is then threaded onto the bolt 12 by means of
the socket 36 and the driver 38. Since in high-volume
assembly lines, the drivers are rotating at high r.p.m.,
the fact that the first step 32 and the head portion 20 of
the nut 10 are complementarily contoured, allows for
easy and fast registration of the socket with the nut.
This is particularly true in the preferred embodiment
when the first step 32 of the socket 28 and the head
portion 20 of the nut 10 are elliptical.

Initially, there is little resistance to the threaded oper-
ation. This is an advantage over fastener systems in
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which the nut is deformed prior to threading, since such
deformation makes it more difficult to thread the nut.

FIG. 4 illustrates the nut 10 threaded onto the bolt 12
prior to high resistance of the nut to threading due to
tightening against the work pieces 44, 46. FIG. 4 illus-
trates that when the end portion 48 is engaged with the -
threads 24 of the lock nut 10, there are a plurality of
cavities 50 formed between the recesses 49 of the end
portion 48 and the threads 24 of the lock nut 10.

At a predetermined torque, continued turning of the
lock nut 10 with the socket wrench 28 causes the head
portion 20 of the lock nut 10 to be compressed radially
inward toward the bolt 12. The material and dimensions
of the lock nut 10 are chosen so the deformation of the
deformable head portion 20 occurs at a predetermined
and specified torque. As the socket wrench 28 begins to
deform the out-of-round head portion 20 of the nut 10,
the outer configuration of the head portion 20 acts as a
kind of smooth camming surface for the wrench 28,
insuring that deformation will occur and preventing the
possibility that portions of the head portion 20 could be
sheared off by continued rotation of the wrench 28.
Thus, the gradual and continual increase in wal! thick-
ness of the head portion 20 insures a smooth deforma-
tion of the nut 10 without the danger of shearing. Since
the wall thickness continuously increases over the cir-
cumference of the head portion 20, a substantial portion
of the circumferential length of the exterior is de-
formed. Thus, in excess of about 80% of the circumfer-
ence is smoothly deformed without shearing. Prefera-
bly, in excess of 50% of the circumference and, most
preferably, in excess of 80% of the circumference is
deformed. This is in sharp contrast to prior systems
having a few abrupt lobes in which a small percentage
of the circumference is abruptly deformed and may
produce shearing.

The recesses 49 in the bolt 12 provide means for
receiving the deformed material of the head portion 20.
This deformed material moves radially inward, produc-
ing a tight interference fit between the nut 10 and the
bolt 12.

FIG. 5§ shows the head 20 after deformation has
moved material from the head 20 into the cavities 50.
Deformation of the head portion 20 compresses the
threads 24 of the nut 10 against the threads 26 at the end
portion 48 of the bolt 12. After deformation, the head 20
of the nut 10 tends to have a nearly circular cross-sec-
tion as shown in FIG. §, rather than the elliptical cross-
section of FIG. 4. The volume of the cavities 50 is cal-
culated to be large enough to receive the volume of
material of the head portion 20 which is deformed, i.e.,
in the preferred embodiment, that material which is at a
greater diameter than the minor diameter of the ellipse.

It will now be understood that the deformed material
of the nut 10 abuts each of the shoulders 54 of the reces-
ses 49. With right hand threads 24, 26, the nut 10 must
be turned counter-clockwise for unthreading. How-
ever, the shoulders 54 resist counter-clockwise rotation
of the nut 10 after deformation of the head 20. The
combination of the deformed head 20 and the recesses
49, permits rotation of the head 20 to advance the nut 10
onto the bolt 12 while providing resistance to rotation
which would tend to remove the nut 10 from the bolt
12.

The fastener system therefore provides a tight lock,
not only from the interference fit of the deformed nut
with the bolt, but also from the configuration of .the
recesses 49 which further resist unthreading of the nut
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in a given direction. If the threads 24, 26 are left hand,
the location of the shoulders 54 relative to the concave
portions 52 will be reversed.

I claim:

1. A fastener system comprising:

a nut having an axial bore with interior threads;

a bolt having exterior threads for engagement with

the interior threads of said nut,

said nut having a head portion having a rotatable

camming surface engageable by a driver, said cam-
ming surface of said head portion having an out-of-
round exterior contour defined by a continuous,
smooth curve, a substantial portion of the circum-
ference of said head portion being nonresiliently
deformable radially inward upon application of a
predetermined torque to said camming surface by
said driver as the nut is tightened on the bolt, such
that with deformation, the material of the nut is
displaced radially inward into the axial bore of the
nut for engagement with the bolt to lock said nut
and bolt together, the contour of said continuous
curve of said camming surface producing smooth
deformation of said head portion without shearing.

2. The system of claim 1, wherein said threaded por-
tion of said bolt has means for receiving said deformed
material of the nut and wherein said head portion has
points of maximum and minimum wall thickness, said
contour having a gradual and continuous increase in
wall thickness between said minimum and maximum
points.

3. The system of claim 2, wherein said receiving
means has means for resisting unthreading of the nut
from the bolt.

4. The system of claim 3, wherein said resisting means
comprises at least one recess, said recess having means
for abutting said deformed material to provide resis-
tance to the turning of said nut in the direction of un-
threading to prevent said nut from unthreading from
said bolt.

5. The system of claim 1 wherein in excess of about
50% of said circumference is deformed.

6. The system of claim 5 wherein in excess of about
80% of said circumference is deformed.
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7. A fastener system comprising:

a nut having an interiorly threaded axial bore; and

abolt having an exterior threaded portion for engage-
ment with the threaded bore of the nut,

said nut having a rotatable camming portion engage-
able by a driver, said camming portion having an
exterior cross-sectional configuration of an out-of-
round continuous curve said camming portion
being nonresiliently deformable radially inward
upon application of a predetermined torque thereto
as said nut is tightened on said bolt, such that with
deformation, the material of said nut is displaced
radially inward into the axial bore of said nut for
engagement with said bolt, said threaded portion of
said bolt including a plurality of radially spaced
recessed therein, each of said recesses having a
shoulder portion extending radially inward to said
threaded portion of said bolt, and a shallow portion
extending from the base of said shoulder to an
adjacent major diameter of said threaded portion,
the deformed material of said nut projecting into
said recesses so that abutment of said deformed
material with said shoulders provides resistance to
rotation which would tend to unthread said nut
from said bolt while said shallow portions permit
rotations to thread said nut onto said bolt until
application of a predetermined locking torque to
said nut.

8. A fastener system comprising:

a nut having an interiorly threaded axial bore; and

abolt having an exterior threaded portion for engage-
ment with the interior bore of the nut,

said nut having a camming portion ‘engageable by a
driver, said camming portion having an exterior
cross sectional configuration of an ellipse and being
deformable radially inward upon application of a
predetermined torque by said driver as the nut is
tightened on the bolt, such that with deformation,
the material of the nut is displaced radially inward
into the axial of the nut for engagement with the
bolt, said threaded portion of said bolt having
means for receiving said deformed material of the

nut to lock said nut and bolt together.
* * ¥k  x %



